Background: The aim of the current meta-analysis was to assess the treatment effect of comprehensive geriatric care in reducing acute perioperative delirium in older patients with hip fractures, compared with the effect of a routine orthopedic treatment protocol.
Introduction
Femoral neck fractures and intertrochanteric fractures are frequently sustained by geriatric patients. [1, 2] To reduce compli-cations, such as decubitus ulcer and hypostatic pneumonia, surgical treatment is mandatory in these fragile patients. [3] [4] [5] With the development of knowledge of biomechanics of osteoporotic proximal femur fractures, expertise of surgical skills, and anesthesia monitoring during surgery, most fragile patients could survive the operation and acquire walking ability. [6] [7] [8] [9] However, quality of life in these patients is deteriorated in comparison with their preinjury level. [10] [11] [12] [13] Acute perioperative delirium, a neuropsychiatric syndrome characterized by disturbance in consciousness, change in cognition, or perceptual disturbance, [14] is a common complication in geriatric hipfracture patients; [14] [15] [16] [17] accordingly, patients with delirium require around-the-clock surveillance to prevent accidents. Perioperative delirium is also a predictive risk factor for postoperative mortality, morbidity, poor functional outcomes, and long hospital stay. [16] [17] [18] [19] Although there has been significant improvement in surgical techniques and skills, perioperative delirium is still high due to orthopedic surgeons' lack of knowledge and experience in managing fragile older patients. [20] It is presumed that there are several underlying causes that could predispose older patients with hip fractures to perioperative delirium, such as perioperative hypotension, hypoxemia, and anemia. [21] [22] [23] Timely and effective management of these risk facts and geriatric patients' comorbidities may reduce acute perioperative delirium in elderly patients with hip fractures. Comprehensive geriatric care is an established good practice for older trauma patients and incorporates multidisciplinary medical specialists. [24, 25] Notwithstanding, several meta-analyses reported contradictory results regarding the treatment effect of comprehensive geriatric care on functional outcomes, length of hospital stay, and mortality rate in older patients with hip fractures. [20, [26] [27] [28] However, none of these meta-analyses reported outcomes concerning perioperative delirium. Accordingly, we performed this meta-analysis to compare the treatment effect of comprehensive geriatric care in reducing acute perioperative delirium in older patients with hip fractures with that of routine orthopedic treatment. [29] to identify randomized controlled trials (RCTs) and quasi-RCTs. The search was supplemented by a manual citation search of the reference lists of relevant studies identified.
Materials and methods

Inclusion criteria/exclusion criteria
Only RCTs and quasi-RCTs were included in our meta-analysis, with nonrandomized trials excluded. All RCTs and quasi-RCTs comparing comprehensive geriatric care to routine orthopedic treatment protocol for hip fracture patients treated in an acute setting were eligible. The patients in the comprehensive geriatric care group needed to be treated by a specialist medical team specializing in geriatric orthopedic patients, with staff providing comprehensive medical assessment, management, and initiation of rehabilitation, and orthopedic surgeons performing the operations. Patients in the routine orthopedic treatment group needed to be cared for by orthopedic surgeons, with geriatric consultation as required. Comprehensive geriatric care treatment needed to be initiated preoperatively or within 24 hours postoperatively.
Outcomes of interest
The following perioperative outcomes of interest were included in the analysis: incidence of delirium, assessment of cognitive status, and duration of delirium. Delirium was defined as neuropsychiatric syndrome characterized by disturbance in consciousness (impaired ability to focus, sustain, or shift attention) and change in cognition (memory impairment, disorientation, or language disturbance) or perceptual disturbance (misinterpretations, illusions, or hallucinations); the disturbance needed to occur over a short period and fluctuate during the course of the day. [16] All outcomes were determined during hospitalization and/or 1 month postoperatively.
Study selection and data extraction
Two reviewers independently assessed the eligibility of identified trials in an unblinded, standardized manner. Data were collected independently by the 2 reviewers, and disagreements were resolved by discussion with a senior author. The following information was extracted from the included trials: research method; characteristics of trial participants, including age, sex, and fracture type; inclusion and exclusion criteria; intervention characteristics; postoperative outcomes of interest; and risk of bias. When information was missing, we attempted to contact the primary author by email to seek clarification.
Quality assessment
The risk of bias was evaluated independently by 2 of the review authors using the domain-based evaluation described in the Cochrane Handbook for Systematic Reviews of Interventions. [30] The following domains were assessed: random sequence generation; allocation concealment; blinding of participants, research personnel, and outcome assessors; incomplete outcome data; and selective outcome reporting. Each of these criteria were assessed as "low risk of bias", "high risk of bias", or "unclear risk of bias", when there was lack of information or uncertainty over the potential for bias. The quality of the evidence was quantified using the Grades of Recommendation, Assessment, Development, and Evaluation approach, [31] with disagreements between the review authors regarding the risk of bias for the identified domains resolved by consensus.
Statistical analysis
The meta-analyses were performed using Review Manager software (RevMan Version 5.3; The Nordic Cochrane Center, Copenhagen, Denmark). In addition, tests for funnel plot asymmetry were performed with Stata software (StataSE 12.0; StataCorp LP, College Station, TX). Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for dichotomous outcomes. Continuous outcomes were expressed as mean differences (MDs) with corresponding 95% CIs. Heterogeneity across trials was tested by using chi-squared analysis, with the I 2 statistic used to assess the impact of identified heterogeneity on the metaanalysis. Substantial heterogeneity was defined as I 2 > 50%. If substantial heterogeneity between trials included in an analysis was identified, estimates of pooled data were evaluated using a randomeffect model; otherwise, a fixed-effect model was chosen. Funnel plot asymmetry was assessed using Begg and Egger tests.
Results
Literature search
The details of our search strategy and exclusion criteria are presented in the flow diagram in Figure 1 . A total of 1055 titles and abstracts were preliminarily screened, with 7 trials eventually satisfying our eligibility criteria. [32] [33] [34] [35] [36] [37] [38] We further manually [25, [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] Further, we found that 2 studies evaluated general mental health using the Medical Outcomes study 36-item short form Taiwan version shortly after operative treatment of hip fractures, and 1 study evaluated depressive symptoms using the Chinese version of the Geriatric Depression Scale, short form. [49] [50] [51] Nonetheless, none of the aforementioned studies addressed outcomes of acute perioperative delirium during hospitalization or 1 month postoperatively. After thorough discussion with each other and in consultation with a neurology specialist, we decided to exclude these trials to ensure that the definition of acute perioperative delirium strictly adhered to our eligibility criteria and consistent throughout our included trials. Six of the included trials were RCTs, [32] [33] [34] [35] [36] [37] and 1 was a quasi-RCT. [38] Each study reported the outcome of treatment effect of comprehensive geriatric care in reducing acute perioperative delirium in older patients with hip fractures, compared with that of routine orthopedic treatment.
Quality assessment
Six included studies had methodological flaws that put them at either unclear or high risk of bias for at least 1 domain, [32] [33] [34] [35] 37, 38] with 1 trial of high methodological quality [36] (Figs. 2 and 3) . Adequate randomization was reported in 4 RCTs; these RCTs used a random number table, [36] computer-generated number, [32, 35] or throw of dice [34] as randomization methods. The method of randomization was not reported in the other 2 RCTs [33, 37] . The quasi-RCT reported that group assignment was based on bed availability. [38] Three trials described the method of allocation concealment. [32, 36, 37] Two studies used blinding of participants, personnel and outcome assessment, [36, 38] 1 trial used blinding of participants and personnel, [34] and 4 trials used blinding of outcome assessment. [32, 33, 35, 37] One study was at high risk of bias from incomplete outcome data, this was due to a high attrition rate (19.40%); furthermore, the authors did not report the derivation of missing data, nor did they describe the distribution of patients lost to follow-up between the 2 treatment groups. Moreover, that particular study reported the cognitive status evaluated by MMSE, without the outcomes of incidence of delirium or duration of delirium. [35] 
Descriptive characteristics
The descriptive characteristics of the included studies are listed in Table 1 , with relevant characteristics summarized here. All the included trials were reported in English and were single-center trials; 5 trials were conducted in Europe, [32, 33, 35, 37, 38] 1 in North America, [36] and 1 in China. [34] Six studies were parallel RCTs [32] [33] [34] [35] [36] [37] and 1 was a quasi-RCT. [38] In 4 of the included studies, the patients in the comprehensive geriatric care group were actively cared for by a geriatric team daily [33, 34, 36, 38] ; in the other 3 trials, the patients in the comprehensive geriatric care group were cared for in the geriatric ward. [32, 35, 37] Five studies initiated the comprehensive geriatric care treatment preoperatively, [32] [33] [34] [35] 38] 1 study initiated the treatment within 24 hours postoperatively, [37] and 1 study initiated the treatment either preoperatively or within 24 hours postoperatively. [36] Six studies reported no significant difference in preoperative cognitive status between treatment groups, [32, 33, [35] [36] [37] [38] with 1 study excluding cognitively impaired participants. [34] Together, the included trials enrolled a total of 1840 patients; after accounting for participants lost to follow-up, data from 1763 participants were entered in our meta-analysis. Six trials included hip fractures (extra-and intracapsular), [32] [33] [34] [35] [36] 38] and 1 trial included only femoral neck fractures. [37] 
Effects of interventions
Four trials coincidentally and strictly followed the CAM criteria to diagnose perioperative delirium. [32, 33, 36, 38] One trial used the Organic Brain Syndrome Scale (OBS-Scale) to screen the patients for perioperative deliriums; the authors stated that the OBS-Scale showed 100% agreement regarding the diagnosis of delirium when compared with the CAM. [37] One trial did not directly screen the participants for delirium, but detected perioperative delirium using the MMSE. [34] Six trials reported the incidence of perioperative delirium during hospitalization or at 1 month postoperatively, [32] [33] [34] [36] [37] [38] with a calculated OR of 0.71 (95% CI, 0.57-0.89; P = .003; Fig. 4 ). Four trials reported the number of days of perioperative delirium, [32, [36] [37] [38] but we were only able to extract data from 2 trials, [36, 37] with a calculated MD of À2.48 (95% CI, À7.36 to 2.40; P = .32; Fig. 5 ). The other 2 trials reported the median duration of delirium, [32, 38] with no significant differences between groups. Three trials assessed cognitive status during hospitalization or at 1 month postoperatively using the MMSE [35, 37, 38] ; we were only able to extract data from 2 trials, [35, 37] with a calculated MD of 1.03 (95% CI, 0.93-1.13; P .00001; Fig. 6 ). The remaining trial [38] reported that control participants had lower MMSE scores than those in intervention participants.
Sensitivity analysis
As 1 study used the MMSE to diagnose delirium indirectly [34] and 5 trials used a more sophisticated screening method, [32, 33, [36] [37] [38] we performed the sensitivity analysis by excluding the study using the MMSE. The result was in accordance with general pooled data, with a calculated OR of 0.71 (95% CI, 0.56-0.89; P = .004).
Publication bias
An assessment of publication bias was conducted for incidence of perioperative delirium; the funnel plot is presented as Supplemental file 2, http://links.lww.com/MD/B766. The analysis did not identify any potential publication bias (Egger test, P = .250; Begg test, P = .260).
Discussion
The current meta-analysis indicated that being in the comprehensive geriatric care group was associated with a lower incidence of perioperative delirium and higher cognitive status during hospitalization or at 1 month postoperatively. There was no significant difference in duration of perioperative delirium between the 2 groups. Although we could not extract outcome data from 3 trials which reported cognitive status and duration of perioperative delirium, the results of these 3 trials were in accordance with our pooled results. Delirium is the frequently encountered complication in elderly hip fracture patients by orthopedic surgeons, but it received much less attention compared with other complications, such as deep vein thrombosis, pulmonary embolism, and infections. The pathogenesis of delirium has not been thoroughly studied and fully understood. It has been reported that there are several underlying causes which predisposing geriatric hip fracture patients to perioperative delirium. Timely and corrective management of these underlying causes and patient comorbidities may reduce perioperative delirium in elderly hip fracture patients. Although multiple meta-analyses reported the treatment effect of comprehensive geriatric care compared with routine orthopedic treatment, the result of perioperative delirium has not been reported yet. Our meta-analysis exclusively focuses on the treatment effect of comprehensive geriatric care on perioperative delirium to complement existing meta-analyses.
Our meta-analysis included 7 studies which reported outcomes of interest concerning perioperative delirium. Because the outcome of interest was delirium during hospitalization or at 1 month postoperatively, attrition bias was low in 6 included studies due to the short-term follow-up period, with only 1 trial high attrition bias. Due to lack of allocation concealment and blinding of participants and personnel, we concluded the quality of evidence for incidence of perioperative delirium to be moderate. With regard to cognitive status, owing to the lack of blinding of participants and personnel in combination with the low sample size and high attrition bias, we concluded the quality of evidence for perioperative cognitive status was very low. Due to high heterogeneity and low sample size, we concluded the quality of data regarding duration of delirium to be low.
The current meta-analysis firmly followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines for systematic reviews and meta-analyses (Supplemental file 3, http://links.lww.com/MD/B766). However, there are several limitations, so the outcomes should be interpreted with caution. First, all the included studies were small, single-center trials. Second, the included studies used 3 diagnosis and assessment criteria to screen participants for acute perioperative delirium; of these, the CAM and OBS-Scale are validated in the literature in assessing and diagnosing delirium with high sensitivity and specificity, [52, 53] whereas MMSE has been used but is not frequently used in diagnosing delirium. [54] Accordingly, we performed the sensitivity analysis by excluding the study of Shyu et al, [34] in which delirium was diagnosed using MMSE and in which the incidence of acute of perioperative delirium was much lower than other included studies. The result was in accordance with general pooled data. Third, although comprehensive geriatric care in our identified trials coincidentally included treatment provided by a specialist medical team specializing in geriatric orthopedic patients, the specific intervention, surgical technique, staff member experience, and anesthetic method would differ between studies. Fourth, the inclusion and exclusion criteria were different across included trials, and the differences in included/excluded comorbidities may affect our outcome of interest. Fifth, because of a language barrier, we excluded studies written in languages other than English and Chinese. We acknowledge that failure to include studies in other languages resulted in missing data.
Conclusion
The present meta-analysis is the first to assess the treatment effect of comprehensive geriatric care in reducing perioperative delirium in older patients with hip fractures compared with the effect of a routine orthopedic treatment protocol. Based on the quality of evidence provided, comprehensive geriatric care can reduce the incidence of perioperative delirium during hospitalization or at 1 month postoperatively. To obtain evidence regarding the merits of comprehensive geriatric care in reducing severity of delirium and shortening the duration of delirium, there is a need for multicenter RCTs with high methodological quality.
